A total of 100 larval and 101 pupal taxa were found belonging to 60 and 36 genera, respectively, in 25 river sites in Catalonia (NE Spain). If we correct for the total number of individuals examined (7629 larvae, 1589 pupal exuviae) the number of genera per 100 individuals is 0.84 for larvae and 2.26 for pupal exuviae and the number of taxa per 100 individuals 1.40 and 6.10, respectively. The following points explain why a similar number of taxa have been found for larvae and pupae (despite the large difference in the number of genera): i) difficulties in differentiating the larvae species, especially in some complex rich and frequent genera, such as Cricotopus-Orthocladius (only six taxa as larvae but 31 as pupae); ii) many (24) larval genera were not found as pupae (even two subfamilies) while only three genera where found only as pupal exuviae. This is because of the larger number of larvae examined, but also because not all the larvae present at one site had emerged at the time of sampling. Given the difficulties in classifying the larvae to species level, the collection of pupae remains a useful method to complement quantification of chironomid biodiversity in a region; until massive DNA-sequencing of field samples of such invertebrates will be possible and easily available to many researchers (especially those in low income countries).
Introduction
Chironomidae is a group of globally distributed aquatic Diptera frequent and abundant in many freshwater habitats, where they often constitute the basic food for many organisms (Armitage et al., 1995) . There are more than 4147 described species of chironomids (Ferrington, 2008) . Species identification is based mostly on the male adult genitalia, sometimes in collections using light traps (Hirabayashi et al., 2010) . The use of larvae is infrequent for biodiversity studies; nevertheless, they are very important for ecological studies as, sometimes, 50% of the genera of all aquatic macroinvertebrates may be midges (Rodrìguez-Lozano et al., 2015) . Even in places where the local fauna is quite well known, it is impossible to use larval morphology to produce a complete list of species (Lencioni et al., 2012; Tóth et al., 2013) . Usually only genera or groups of species may be identified (Syrovátka & Brabec, 2010) . Moreover, pupal skins are an excellent material to be used to identify species, sometimes even more than adults, especially in areas where an identification key exists, as is the case in Europe (Langton & Visser, 2000) . Moreover, the use of DNA for species identification is becoming more and more prominent in modern taxonomy (Cranston & Krosh, 2012; Anderson et al., 2013) , phylogenetic studies (Ekrem et al., 2007; Cranston et al., 2010) and in biomonitoring (Carew et al., 2013) . In addition, in the genus Chironomus species identification requires the use of polytene chromosomes (Pfenninger et al., 2007) .
In most studies of population dynamics, trophic relationships and biomonitoring, larvae of the Chironomidae are identified only to family or subfamily level. If we consider that in one river site up to 100 species of Chironomidae may be found, it is obvious that plenty of information is lost (Rieradevall & Prat, 1986a) . Keys for the genera of larval instars of chironomids are available in the Holartic (Saether et al., 2000) or Paleartic regions (Wiederholm, 1983 (Wiederholm, , 1986 Andersen et al., 2013) , but species keys only exist for some genera. We have published several papers on the chironomid larvae of Spanish Mediterranean river basins (Puntí et al., 2007 (Puntí et al., , 2009 , with a total of 125 identified taxa, mostly at genera level, especially in very similar morphological genera (e.g., Cricotopus and Orthocladius) . In other parts of the world the fauna of Chironomidae is less known, and if keys are provided for larvae or pupae, several unknown morphologies appear at the genus level, so there are many genera to describe as adults (Cranston, 2000; Prat et al., 2014) . As a result, most papers list many unknown morphotypes (Acosta & Prat, 2010; Roque et al., 2010) .
As the collection, preparation and identification of pupal exuviae is relatively easy (Wiederholm, 1986) ; chironomid biodiversity studies tend to be based on collections of drift samples, where pupal exuviae are abundant (Rieradevall & Prat, 1986a; Langton & Casas, 1999; Lencioni et al., 2007; Garcia & Añón-Suárez, 2007) . The same is true in studies relating chironomid communities to pollution (Wilson, 1993) or other disturbances (Raunio et al., 2007) . However, as not all the Chironomidae present in a site emerge at the same time, the species list obtained with the pupal skin collections is always incomplete (Raunio et al., 2007) . Very few studies consider larvae and pupal exuviae at the same time (Ruse, 1995; Barton et al., 1996) , and usually in such studies researchers use the few pupae or pupal exuviae found in benthic samples as a way to identify the larvae present in a specific site (Tang et al., 2010; Chaib et al., 2013) . This is a time consuming task and, therefore, not many published papers can be found that use both larvae and pupal exuviae.
In the present study, samples of larvae and pupal exuviae were collected at the same time in eight river basins in NE Spain. Our main objective is to provide a list of the taxa found and to compare both types of inventories (larvae vs pupae) to discuss the advantages of such binary collections. Our first hypothesis is that with the exuviae we should find more taxa than with the larvae, due to the fact that we can distinguish most of the species within a genus. However, we also hypothesize that not all taxa found, as larvae will appear in the pupal exuviae collection, due to differences in emerging periods among taxa, which can balance the total taxa found in each instar.
Materials and methods
We collected samples of larvae and pupal exuviae in 25 sites in Catalonia (NE Spain) in three seasons: spring, summer and autumn (Table 1 ) with a total of 38 samples, in which both larvae and pupae were found. We use the acronyms listed in Table 1 for the sites in the text, tables and the Annex of this paper. All the sites were barely disturbed Mediterranean streams (Sanchez-Montoya et al., 2009) , the physico-chemical parameters are those typical of near-pristine streams (Toro et al., 2002) ; therefore, changes in communities are not caused by human disturbance (Puntí et al., 2007 (Puntí et al., , 2009 .
Samples of pupal skins were taken with a hand net with a mesh size of 250 microns, using the chironomid pupal exuviae technique (CPET) field protocol. This method entails searching for exuviae in areas of the river where foam had previously accumulated (Rieradevall & Prat, 1986b; Raunio et al., 2007) and in other areas where the exuvia may accumulate (e.g., emerged macrophytes). For larvae we followed the sampling method described in the Guadalmed protocol (Jaimez et al., 2002) , using a hand net of 250 microns; in this case intensive sampling was carried out and macroinvertebrate families ide ntified in the field. Several samples were taken until no new families of macroinvertebrates appeared. Samples were preserved in formalin (4%) and transported to the laboratory. All the pupal exuviae were sorted, examined, classified to the genera level under the stereoscope and at least 10 individuals of each genera or morphotype were prepared for observation under the microscope. For larvae, between 100 and 602 individuals (Table 2) were sorted and observed under the stereoscope. Larvae were initially identified following the morphotype key of Prat & Rieradevall (2014) . All the larvae of the least abundant morphotypes were mounted onto slides, while at least 10 larvae were prepared for the most abundant ones. The slide mounting was done following Epler (2001) using Euparal© as the mounting medium. Pupal exuviae were prepared in a similar way but without the previous treatment with 10% potassium hydroxide. All the slides and samples are part of the authors' personal collection.
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Results
A total of 1589 exuviae were collected belonging to a total of 101 taxa (Tables 2 and 3 ). In Annex we provide the complete list and for each taxon the following information: the sampling sites, the period of the year [spring (P), summer (V) and autumm (O)] and the number of exuviae collected. In most of the species (47%) a single skin was found, while the maximum number of exuviae found for one species in a site was 132. In 13 sites less than 10 individuals were collected and in only four cases the number of total exuviae collected was more than 200 ( Table 2 ). The number of taxa per site varied between 1 and 31, and there is a clear relationship between the number of individuals collected and the number of species found (Figure 1 ). The complete list of larvae collected in the studied sites can be found in Puntí et al. (2007 Puntí et al. ( , 2009 ). The total number of larvae collected at the 25 sites sampled was 7129 from which more than 2000 were prepared on slides (not all were mounted because some can be identified under the stereoscope). When comparing the percentage of pupal exuviae in each chironomid subfamily with those of larvae, we found differences in the dominance of the different subfamilies (Table 3) . While the Orthocladiinae are dominant both as larvae (67%) and pupal exuviae (68.72%), Tanytarsinii are relatively more abundant as pupal exuviae and Tanypodinae are nearly inexistent as pupal exuviae (Table 2 ). Comparing individual sites we found that only when at least 200 exuviae were collected, the number of taxa as pupae and larvae were similar (Table 3) .
The number of genera is much higher for larvae (60) than for pupal exuviae (36) ( Table 3 ). The number of genera with a unique taxon is slightly larger in the larvae (71.66%) than in the pupal exuviae (62.6%), while the number of species per genus is higher in the pupal exuviae (2.69 vs 1.76) ( Table 4 ). The genera Cricotopus + Orthocladius + Paratrichocladius, were the most dominant, both in pupal exuviae (32.32% of the individuals collected) and in larvae (25.64%) ( Table 2) . As exuviae we found up to 15 species of Orthocladius, for example, that we were unable to distinguish as larvae using the current keys (except for the subgenus Euorthocladius, Table 4 ). The same is true for Cricotopus. In the case of Eukiefferiella a similar number of taxa were found as larvae and exuviae (but not the exact species list). We compared the taxa richness of one sample with more than 200 pupal exuviae collected (site MU1) and found that the total number of taxa was similar (28 as exuviae and 25 as larvae). There were more unique larval genera (30) than unique pupal exuviae genera (3). Thirty-two genera were common in both types of inventories.
Discussion
Chironomid scientists tend to use pupal exuviae collections to study the biodiversity of this group of Diptera. The adults are usually used only to name the species, but not for large inventories of biodiversity. The collection, preparation and identification of a given species are easier with the pupal exuviae than with the adults. Moreover, pupal exuviae are gaining prominence for their use in applied methods, such as biomonitoring (Ruse & Davison, 2000) . The advantages and disadvantages of the use of pupal exuviae and the CPET technique were synthesized by Raunio & Muotka (2005) and Raunio et al. (2007) . One of the main problems of collecting floating pupal exuviae is that sometimes, with this technique, only few individuals are collected, as was our case in some sites. Why we found so few pupae in some sites is not clear, because we used a similar time of sampling in all sites. Perhaps, as most of the sites are in reference condition, there are few places for pupal skin retention. In spring low temperatures had prevented most of the species to emerge as adults. In any case, it is clear that with this set of data conclusions should be considered with caution.
In our study we found 60 genera as larvae and only 36 as pupae, while the final number of taxa was 100 and 101 despite the difference in the individuals examined (1589 pupal exuviae vs 7129 larvae). Therefore, we need 121 larvae or 44 pupae to find one genus and 71 larvae vs 16 pupae to identify one taxon. Our first hypothesis was that we must find more taxa in the exuviae collection than in the larvae, because we are able to distinguish more species. If we look at the total number of taxa collected the hypothesis is disproven because both numbers are similar. But if we correct the taxa number for the number of individuals, with the same number of individuals taken as pupae, we should find only a total of 22 taxa or 13 genera as larvae (if the increase of taxa was linear with the individuals captured). However, such linear relationships do not exist, because as is shown in Figure 1 , after 200 individuals the number of taxa of pupae slowly increases. In addition, larvae live on the substrate for months, while pupae exuviae disappear after only few days in water, especially if the temperature is high. Taken together, the above considerations show that our first hypothesis is not true, which is partly due to the fulfilment of the second hypothesis. If we take into consideration that some of the larval genera that may provide many species have not been classified to species or species group, our larval collection might even produce a larger number of species than the exuvial pupae surface floating collections. In addition, the number of genera present as larvae was much higher, which is quite normal because not all larvae present at a given site emerge at the same time. Therefore, our second hypothesis is correct because many genera present in the riverbed as larvae were not present in the pupal exuviae collected (up to 30 genera, nearly 50% of the total genera collected in both insect stages).
Drift samples provide more species than the CPET technique, although more sampling time is required (Raunio & Muotka, 2005) . In an extensive study with drift samples, Calle-Martínez & Casas (2007) found up to 204 species in 39 sites, as did Langton & Casas (1998) . In an intensive survey (24 h taking consecutive drift samples at one hour intervals), Rieradevall & Prat (1986a) found 62 species in the Llobregat River in one sampling station. The same authors, i.e., Rieradevall & Prat (1986b) , using the CPET technique, found 86 species in 17 sites along the same river. However, as indicated previously, our results should be taken with some caution due to the small number of individuals collected in some sites, which may partly be a result of the insufficint training of the field assistants than to the CPET method itself. In the future the use of massive sequencing techniques will result in larger larval species lists than the collections of pupal exuviae. This will be very useful for many studies, including for biomonitoring (Baird and Hajibabaei, 2012; Woodward et al., 2013) .
We conclude that for measuring the biodiversity of midges in rivers, both types of samples should be collected (collecting approximately 200 pupal exuviae at each site); until all larvae are univocally identified using barcoding. Table 4 . Number of taxa within each genus as larvae and pupal exuviae. The total number of genera and the relative importance of the genera with only one species is also indicated together with the mean number of taxa per genera. She started her studies analysing Chironomidae exuviae from the Llobregat River, and soon after began her PhD thesis about the benthos of the Banyoles Lake under the supervision of Prof. Dr. Narcís Prat. She continued her research working on the taxonomy of Chironomidae and the study of the ecology of Mediterranean rivers. More recently, she focused on intermittent rivers in the Iberian Peninsula, being one of the first to consider the joint effect of drought and fire on aquatic macroinvertebrates. She was also involved in several projects to design biomonitoring tools to assess the ecological status of Mediterranean and Andean rivers. She always kept her interest in lentic environments, especially in coastal lagoons and mountain lakes. Her experience on Chironomidae communities was very valuable when studying paleolimnological records to explore the past to understand the present. Along her research career, she supervised 23 Bachelor/Master, 5 PhD, and 2 ongoing PhD theses and trained a generation of very enthusiastic researchers who are following her paths. She will be remembered by her contributions to the Iberian limnology but also by her passion for docent activities, scientific outreach, and her rigour and creativity in whatever she was involved. For more details see: BONADA N., CAÑE-DO-ARGÜELLES M., CID N., OBRADOR B., RODRÍGUEZ-LOZANO P., VERKAIK I., 2015 -In memoriam: Maria Rieradevall (1960 -2015 
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Annex
Pupal exuviae collected in Catalan rivers. For each taxa the sampling sites codes and the sampling dates are listed in Table 1 . P = spring; V = summer; O = autumn. The number of specimens found is also indicated. Pex = Pupal exuviae. 
